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Tests were made In
tunnel to determine the

SUMMARY

the WAL 16-foot high-speed
eerodmamic characteristics

of a 1000-pound AN-M-65-AZ02J;adio-controlled bomb at
Mach numbers ranging frmn 0.2 to 0.6.

Omr the Mach number range covered in the tests
the hinge-moment coefficients, yawing-moment coefficients,
and lateral-force coefficients exhibited no Important
changes with increasing speed. me drag coefficients
increased gradually with increasing Mach number but no
sudden increases were observod. The effect on the bomb
aerodynad z characteristics cd’antenna struts mounted
on the bomb tail was found to be small.

The rudder and aileron operating mechanisms were
found to be capable of supnlying several times the
required torques for maximum control deflections at a
Mach number of 0.6 at sea level. The operating mecha-
nism is also adequate for maximum control deflections
at a Mach number of 1.0 provided that no appreciable
incr;a:esa~ h~ge-moment coefficient occur between
M= = 1.OO However, because of uncertainty
as to”the value of the hinge-moment coefficient at or
near M = 1.0, the desirability of providing more
powerful control mechanisms was indicated.

INTRODICTION

Tests have been conducted In the IMAL 16-foot
high-speed tunnel to determine the aerodynamic
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oharaoteristlos of a 10CX)-poundAN-M-65-AZON radlo-
controlled bomb. Measurements of ruddei’ hinge moment,
yawing moment, lateral force, and drag were made at a
number of’tunnel speeds up to a Mach number of about
0.6 which corresponds to a speed of 670 feet per second
at sea level.

Aerodynamic tests of’a two-thfrds scale model of
a slmllar bomb were conducted prevlcnzslyat the Daniel
G~geri!he!mAirship Institute at Akrcn, Ohio. These
tests, however, ~ei’e,madeat Icw airspeeds and, there-
fore, uncertain extrapolations of the dats to the hlgh-
speed operat?-ngconditions wa~e necessavy In t~.edesign
of the control mechan13m an~ in peiaformancecomputations.

In drop tests of tlhe bombs it was i%und t~at, while
some of ‘h-eexper’h!entalbom-ospei”fc~ed sat13factorily,
a large percentage cf the production version failed to
respond prop~rly to the control. The pres9nt invcstl.ga-
tlon was urld’srtak3nprincipally to determine if the
lack of control of the production bombs was due to
ad7erse compressia:llty effects. It w~s a130 desired
to cbtaln hi~~.-specdtest data upon which to basa per-
fonlance calculations and the design or the control
mechanism.

The investl.zation~as undertaken at the request
of the Army Air Fences, hlate~iel.Command.
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free-stream veloclty, feet per second

speed af soImd. in air, feet ~er second

Mach number (v/a)

mass ~ensity of air, slugs per cubic foot

dynemic pressure, pOU~dS F9r SqUare fOOt
()
+$

hinge mo];en~acting on one rudder, Inch-pounds
Positive hinge mcmeats t3nd to change the
rudder ~n~le in L positive direction. (See
sketch in fl

Y
e 1 illustrating the sign

conventions.
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d distance from rudder hinge axis to trailing edge
of rudder, 4.81 inches ......,,. -.
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area of one rudder, 0.282 square f~t

hinge-moment coefficient (~qSd)

yawing-moment, pound-feet
Positive yawing moments tend to change the
angle of sideslip In a positive direction.
(See fig. 1.)

area of maximum cross section of bomb, 1.918 square
feet

over-all length of bamb, 5.615 feet

yawing-moment coefficient (N/qFt)

lateral force, pounds

lateral-force coefficient (Y/qF)

drag, pounds

drag coefficient (D/W)

an@e of sldeslin, c?e~rees
For positive angles ~kle bomb nose is to the
right of the line oi?fllght.

rudder angle with respect to the neutral position,
degrees
For positive angles the trailing edge Is to the
left.

The dimensions .gIven above, together with other
dimensions which might prove useful, are shown in fig-
ure 2.

DESCRIPTION OF BOMB AND APPARATUS

The AN-M-65-AZON bomb consists of a standard
M-65 bomb case to which 1s ‘fitteda special tall unit
equipped with movable control surfaces and housing a
control mechanism capable of being operated remotely
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by radio. The bomb can * controlled only in the left -
and right or azimuth directioq, hence, the des:gnatlon
AZON an abbreviation of “azimuth only.” A gWoscOpic-
control mechanism operates the horizontal control sur-
faces differentially as ailerons to prevent the bomb
from rolling in fllght.

For these tests part of the control apparatus was
removed from the tall.and stra~.n-gageequipment for
measuring rudder htnge moments was Installed, Since
the ailerons and radders wers !dentlcal, hinge-moment
data apnly equally to both. For this reason no protision
was made for measur~ng aileron hinge moments directly
and the ailerons were locked in tho neutral posftion
throughout the tests.

In order to facfl.litateinstallation and testing
the bomb wa mounted In the tunnel in a position 900
In roll from its normal flight position so that rudders
became alevators, yawing ncinentsbecame pitching moments,
etc. The results throughout the renort, however, are
given In terms consistent witn the fllght orientation.

The bomb was supported on ‘he tunnel center llne
by means of a single vartical strut 8 inches In chord
and of NACA section 16-0~9. The strut was shielded by
a fairlng of the same section to within abcut 10 inches
of the bomb caae. ~ afldition,four O.O~C)-inchwires
were attached to the bomb to provide latard support.
The wires and suppont stwt w~re mounted nn the balance
frame and were Included In th3 force measurements. A
photograph of the bomb Installed in tb.etunnel is shown
In figure 3.

The angle d’ 3!desllp of the bomb was var~able
from -20° to 20° through fixsd Increments by means of
an internal Indexing mechanism while ths rudder angle
was continuously var!able from -200 to 200 by means
of a slotted plate arrangement.

As received, the bomb tall was ~itted with four
struts Wh!ckj tn addition to serving as bracas for the
tail surf~ces,also served as the radio antema. The
struts may be seen in figure >.
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TEST FROOEDURE.--,.,,., .-.. -. . .

The test procedure consisted of measuring rudder
hinge moment, yawing moment, lateral force, and drag
at a number of’speeds up to a Mach number of approxi-
mately 0.6 for each combination of rudder angle and
angle of’sfdeslip. In determining the bomb charac-
teristics only the negative range of sidesllp angles ‘
(0° to -200) was Investigated in order to keep the bomb
tail outside the wake of the support strut and its
fairing. The angular range of Oo to 20° was employed
in determining the support-strut tares. The range of
rudder sngl.estested was from -15° to 200. Most of the
test runs were made with the antenna tail struts
Installed but a few runs were made with the struts
removed for purposes of’comparison. This information
on the effect of the antenna struts was specifically
requested by the Army. The results throughout the report
are given for the struts-installed configuration unless
otherwise specifically noted.

During the tests deflections of the bomb in the
direction of’the air flow were measured and corrections
to the yawing moment applied to account for the change
in position. In addition, a calibration was later made
to determine the angular deflections of bomb and rudders
under the influence of the aerodynamic loads.

Strut tare forces were measured w~.ththe aid of an
image strut mGunted as shown in f’igure4. Wire tare
forces were determined simply by making measurements
with the wires removed.

Yawing moment, lateral force, and drag data have
been corrected both for tares and for the angular
deflections of bomb and rudders under aerodynamic loads.

Corrections for the deflections have not been applied
to the hinge-moment data. As presented the hinge-moment
coefficient is about 9 percent too low at the greatest
negative bcmb and rudder angle and at the highest tunnel
speed,which Is the extreme case.

RESULTS AND DISCUSSION

Curves of yawing-moment coefficient, lateral-force
coefficient, and drag coefficient versus Mach number are
presented in figures 5 through 15. It should be pointed

— -. -- — . —.—-
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out that the * = -0. y and 6R = 0° curves shown in
figures 5, 11, and 3.7are.belleveal.to be slightly in error
due to frlction In the balance system durtng that particu-
lar test run. This is Indicated by the scatter of the
test points particularly at the lower speeds.

Derived curvas of yawing moment, lateral foroe, and
drag coefficients versus sldaslip angla are given In fig-
ures 19, 20, und 21. Figure 22 shows the lateral force
and drag coefficients at trim as a funct~on of the rudder
angle. The effect of center-of-gravity location on the
stabilltv and trim angles of the bomb is shown in f!g-
ure 23. Hinge-moment data are presented in figures ~
through 31. Figure 52 f.s a photograph of a rudder after
structural failure has occurred.

Yawfw moment,- Yaw!ng-moment coefficient data ars
presented in f:gures 5 through 10. During the tests
yawing moments were measured about a point 22.38 inches
from the bomb nose. 131the data presented in the report
the moments were tzwnsferred to a point 28.60 inches
from the nose of the bomb, which was the center-of-
gravity location of sand-filled bombs used in the drop
tests, mentioned earlier in the report.

The figures show that the variation of the yawlng-
moment coefficient with Mach number is small for all the
rudder angles and angles cf s?.deslipover the range of
spaeds covered in bh.isInvestigation. Figures ~ and 10
show the variation of Yawing-momgnt coef’flclsntwith
Mach number with the antenna struts removed. ltroma
comparison of these figures with figures 5 and 7 it

will be seen that ‘~e struts have practically no effect
on the Yawing-moment coefficient.

Lateral f’orce.-Curves of lateral-force coefficient
versu~tiach number for the various rudder angles and
angles of’sidosllp are presented in figures 11 through 16.
In general, the coefficient increases negatively with
increasing Mach number. T129 change is slight, however.
Ftgures 15 and 16 skew the varietim of lateral-force
coefficient with Mach.number with the antenna struts
removed. As in ths case of the yawing-moment coefficients
the effect of the struts on the lateral-force coefficient
is small.

Dra .- The var~ation of drag coefficient with Mach
+number s shown In figure 1? for various angles of side-

slip and rudder angles. No sudden Increases in the drag
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coefficient occurred In the speed range of the tests.
Curves for a few of the sldesllp and rudder angles have
not been plotted In figure 1? to avoid excessive con-
gestion and overlapping. Curves of the drag coefficient
versus Mach number with the antenna tail struts removed
are given in figure 18. A comparison of this figure with
figure 17 shows that for a sideslfp angle of -0.50 and a
rudder angle of Oo removal of the struts results in a
decrease in the drag coefficient of 0.009 or about 5 per-
cent of the minimm drag.

Bomb characteristics as a function of sidesli~
angle.- Curves of yawing-m~m~ coef~iclent, lateral-
force coefficient, and drag coeff’lcientversus the angle
of sideslip are presented in figures 19, 20, and 21,
respectively. These curves are cross plots of the faired
yawing-moment, latera?.-force,and drag coefficient curves
previously presented. Since the variation of the coeffi-
cients with h!achnumber was not appreciable except for
the drag coeft’lclentcinlyLhg curves for a Mach number
cf 0.6 are skown. It will be noted from figure 19 that
the bomb stability decreases slightly as the angle of
sideslip approaches zero. At the larger negative slile-
slip sngles and positive rudder angles there is also
some decrease in stability with increasing angle of
sidasl.ip.

Trim conditio;ls.-Flgure 22 shows the lateral-force
and drag coeffIcients obta~ning at trim for various
rudder deflections. It will be scan that for the maxi-
mum ruddei-deflection of 20° and at a Mach number of 0.6
the bomb trims in an attitude ror which the lateral-force
coef’ficisntis -0.422 and the drag coefficient !S 0.360.
Reference to figure 19 shows that the corresponding angle
of sideslip for trim ~s -10.50.

Bomb maneuverabilityy.- The following table Is pre-
sented ughly the magnj.tudeof the lateral
deviatio~s po~~i;!ee%n the bomb Is dropped from dif-
ferent altitudes. It is assumed that the bombing air-
plane is flying at a constant indicated airspeed of
175 miles per hour and that the maximum bomb rudder
deflection of 20° is maintained over the entire flight
path. The left-hand column gives the height above sea
level which is also considered to bs ground level and
the right-hand column gives the approximate value of
the maximum lateral deviation possible when the bomb is
released at the corresponding altitude.

—.
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Altitude of release Approximate maximum

(ft) deviation
(ft)

lateral

5,000 600
10,000 1600
15,000

‘f
!300

20,000 200
25,000 5800

Effect of cb.snes In the center-of- ravlt
location.- ~,~d~~~~e~m+.le
and stability of a change in the center:of’-gravlty
location 2 inches backward or f-orwardfrom the 28.6-inch
point. A more rearward location of the center of gravity
results lr.a reduction In stability and an increase In the
angle of sideslip for trim with a consequent Increase in
the lateral-force coefficient. A lccation forward of the
23.6-inch point results, of course, In the opposite
effect.

With the data preserlted-
r
wing-moment coefficients

may be transferred from the 2 .6-inch point to any new
point by the relation

Cn=C (+ Cy Cos $~ + ~cDF ‘in *):‘2&6

where x is the dist=~ce from the 28.6-inch point to
the new point measured along tbe bomb longitudinal axis,
The value of x Is rmstt!ve if the new point is to the
rear of’the 28.6-Iw point and negative if to the front.

Hinge moment.- Rudder hinge-mornentdata are presented
In figures 2QmFmlgh 31. Figures 24 through 27 shOw the
varlatton of rudder hinge-moment coefficient with Mach
number for variol~srudder angles and angles of sideslip.
It maybe saen tinatfor the smaller angles of’sideslip
and rudder angles there j.slittls variation of thg hlnge-
moment coefficient with Kach number. The change becomes
more pronounced for the larger angles but Is not important
in any ease over the range of spegds covered in the tests.
It is clear that any logs of control of’the bomb at Mach
nubers of 0.6 and below cannot be attributed to radical
changes In hinge moments due to compressibility effects.
Figure 28 shows the variation of hinge-moment coefficient
with rudder angle for various angles of sidesl.lpar$l

I
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Mach numbers. Figures 29 and 30 show the variation of
.. . hinge-moment coefficient with Maoh number with the-,ante~

struts removed. Figure 31 shows the variation of hinge-
moment coefficient with rudder angle for the same con-
figuration. A com arlson of these figures with fig-
ures 2)+,26, and 28 shows that the struts have no
aopreclable effect on the rudder hinge-moment coefficient.

From tests in the LNAL Instrument Researoh Div1810n
on the rudder and aileron operating meohanlsms it has
been determined that the maximum torque available for
holding the rudders in a given position Is 200 lnch-
pounds. For a rudder deflection of 20° and the corre-
sponding angle of sidesllp for trim of -10.5° the total
hinge moment acting on both rudders at a Mach number
of 0.6 at sea level Is 52 Inch-pounds. If it is assumed
that no change in the hinge-moment coefficient occurs
between M = 0.6 and M = 1.0, the torque required at
a Mach number of 1.0 is 145 inch-pounds. Such an aSS~p-
tion is somewhat doubtful, however, and if appreciable
increases In the hlnga-mGment coefficient do occur, then
at or near a Mach number of 1.0 at sea level the torque
may be insufficient to maintain the msximum rudder
deflection of 20°.

For the maximum aileron deflection of t6° and an
angle of sideslip of -0.50 the torque required for one
aileron at a Mach number of”0.6 at sea level is 11 inch-
pounds. Assuming as before that no Change in the hlnge-
moment coefficient occurs between E = 0.6 and M = 1.0
the torque requlr~d at M = 1.0 is 30 Inch-pcunds. The
maximum aileron torque available at the 60 deflection was
determined to be 40 inch-pounds. Although the assumption
of no change in the hin~e-moment coefficient between
M = 0.6 and M = 1.0 1s more reasonable for the case
of the small aileron deflection than for the larger
rudder deflection, the rnarglnof torque available over
torque required at the higher speeds is not large in any
case.

It would thus appear desirable from the foregoing
considerations to employ both aile~on and rudder
operating mechanisms more conservative with regard
to torque available.

Rudder failure.- During a routine lnspsctlon of the
bomb upon completion of a test run It was found that
failure of one of the rudders had occurred along the

------ -.. .. —.- . .. .... ..- —- ,
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spot-welded skin joint at the hinge axis. up to the
time W fallum was dlscovared 33 test runs, each of
about 45 minutes duration, had been completed. The
failure eppgared to be due to fatigue. Figure 32 IS a
photograph of the broken rudder.

Aerodynamic tests of a 1000-pound AZON bomb at
Mach nmbars rangl.ngfrom 0.2 to ().6 have tndicated
the followlng conclusions:

1. ~ere were no appreciable compressi.%llityeffects
or the rudder hinge-moment coefficients, the yawlng-
momer.~ co9f.ftclents,or on the lateral-force coefficients.
!l%edr&g coefficients irlcransedgradually but no sudden
increases occurred.

2. Reaovel of the antmna struts from the tail had
only a sllght ef~ect on th.aaerodynamic characteristics.

3. The *orq”aessupplfad by the rudder and aileron
operating mechanisms wore found to be several times
the tw;c.uesrequired at a MCCh number of 0.6 at sea
level fkr mcaximumrontl’oldeflechlons. If no appreciable
lncr~ases in the hing~-~oment coefficient occur between
M = O-c and M = 1.0, the available torque will be
aclequnteat a Mach num~er of 1.0. Becavse of some
uncert~.~.ntyregarding the hinge-moment coefficient at
M= 1.0, however, it would appsar desirable to employ
rudder end aileron opere.tlngmechmisms havinE greater
avaflable torque.

Langlsv Memorial Aeronautical Laboratory
National Advisorv Committee fcr Aeronautics

Langley Flsld, Vs., June 16, 191!I&

Ernest 0. Pearson, Jr.
Aeronautical Engineer

Approved:

John Stack
Chief of Compressibility Research Division
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FIGURE LEGENDS

Figure l.- Ske%ch showing sign conventions for angles,..-.,.- .-~oroes and moments. .. ... s . .-

Flgure 2.- Sketch showing dimensiofisof AN-M-65-AZON bomb.

Figure 3.- AN-M-65-AZON 100G-pcIundbomb installed in the
16-foot high-speed tvnnel.

Figure 4.- Setup employed for determining support-strut
tares.

Figure 5.- Variation of yawli~g-momentcoefficient with
Mach number f’orseveral rudder angles * = -.5°.

Figure 6.- Variation of ynwing-moment coef’fjcientwith
Mach number for several rudder angles = -10.50.

FiSure 7.- Var!at~.o~of yawin:pmoment coefficient with
Mach numb~r for several rudder angles V = -15.50.

Fig’.u?e~.- Variatlon of yawing-moment coefficient with
Hach number for sevaral rudder anglgs ~ = -Z!0.5°.

F~ty@e $).. Variation of yawing-moment coefficient with
Mach number for several rudder angles $ = .50;
antenna struts removed.

Figure 10.- Var!at!on of ?.=wlng-momentcoefficient with
Kach number for se~i’al rudder angles $ = -15.5~;
antenw struts removed.

Fi~l~e 11.- Variatlon of lateral-force coefficient with
Mach number for several rudder angles ~ = -.50.

Figure 12.- variation Of lateral-foi’cecoefficient with
Mach number for several rudder angles $ = -10.50.

Figure 13.- Variation of lateral-force coefficient with
Mach number for seve~al rudder angles O = -15.50.

Figure 1.4.- Variation or lateral-force coeft’iolentwith
Mach number f’orseveral rudder angles ~ = -2005~.

Figure 15.- Variation of lateral-force coefficient with
Mach number for several rudder angles W = -.50;
antenna struts removad.

Figure 16.- Variatlon of lateral-force coefficient with
Mach number for several rudder angles W = -15.50;
antenna struts removed.

, , -.., ,. - .-., ,. -- ,-. . -— —. —.-
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Figure
for

Fi.gure

Figure

FIGURE

17.- Varlaticn
several angles

18.-

19.-
‘angle of

Figure 20.-
angle of

Figure 21.-
sideslip

Figure 22.-

Variat50C

LTJG~g - Conoluded

Of drag coef?’lcientwith Maoh nmb$r
of sidesllp and rudder angles.

of drag coefficient with Mach number;
antenna struts removsd.

Variation of yawing-noment coefficient with
sidesllp for several rudder angles M =0.6.

Variation OX lateral-~orce coefficient with
sidesllp for several rudder angles M =0.6.

Variation of drag coefficient with angle of
:or several rudder arrgles x =0.6.

Drag and lateral-iorco coefficlonts at trim
‘versus the r~dder angle for several Mach numbers.

Figure 23.- Varlation of yawing-moment coef’f:.clentwith
angle of sideslip for th~ee center-of-gravity locations
M= 0.6.

Figure *.- Variatton of rudder
with Mach number for several

~~gur~ ~~.- “t~ariat~onof ru~der
Wtb. lTachnumhsr for several

Fipure 2~.- Vfirlattonof’rudder
with Kac’hnumber for semi-al

Figure 27.- Variatlon of’rudder
with l:achnumber for several

Figure 28.- Variation of rudder

—

hinge-noment coefficient
rudder angles v = -0.50.

hinge-moment coefficient
r?lddermgles * = ‘10.5°.

hinge-noment coefficient
rudder angles V = -15.~o.

hinge-moment coefficient
rudder angles U = -20.500

hin~e-aoment coefficient
‘with rudder angie for several an~les of sideslip and
Mach numbers.

Figure 29.- Verlation of rudder
with ~ach number for several
Gntmuna struts removed.

FiGur9 30.- Variation of rudder
with Mach number fop several
antenna struts removed.

Fimre 31.- Variation of rudder

ilfl.n~e-mo~.entcoefficient
rudder angles lJ= -0.50;

hunge-mcment coefl’icient
rudder anglea W = -15.50;

h~nge-~oment coef’f~~ient
‘with-rudder angle; antenna strut; removed.

l?~gure32.- l?udderfailure.
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Figure 3.- AN-M-65-AZON 1000-pound bomb installed
in the 16-foot high-speed tunnel.
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Figure 4.- Setup employed for determining support-
strut tares.
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Figure 32. - Rudder failure.
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Tosta nero mado at H ° 0.2 to Q.6 to determine aerodynamic characteristics.    There cere 
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